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INTRODUCTION
The U.S.-U.S.S5.R. Weddell Polynya Expedition (Gordon and Sarukhanyan

1982) collected the largest, most comprehensive set of surface-level

meteorological data over Antarctic sea ice in winter since the Shackleton
expedition of 1914-1917. The data set includes 41 days of standard
meteorological observations, measurements of radiation components and ice-
surface temperature for 23 consecutive days, and 23 sets of surface-layer
wind speed, temperature and humidity profiles at select sites. This report
summarizes and tabulates these data.

All of the data were collected aboard the Soviet icebreaker Mikhail
Somov in October and November of 1981, Volume 1 of the set of data reports
from this cruise (Huber and Gordon, in prep.) describes daily events during
the expedition and, therefore, contains a map of the ship track, a chronol-

ogy of all expedition observations and general remarks on naviation. To

summarize the cruise very briefly: the Somov left Montevideo, Uruguay, on
9 October 1981; entered the Antarctic pack ice near latitude 56°S and
longitude 3°E at about noon on 20 October; worked in the pack for 26 days,
penetrating as far as latitude 62.5°S; left the ice around 9 a.m. on 14
November near latitude 57°S and longitude 0°; and returned to Montevideo on
25 November.

Ackley and Smith (1983) described sea-ice conditions during the
cruise; it will likely be necessary to correlate the data that we report
here with sea ice cover to interpret then unambiguously. Upper-air
measurements made from the Somov during the expedition have also been tabu-
lated (Andreas, in press). The correlation of those soundings with the
data that we present here will aid in the interpretation of both data sets.

In the Standard Meteorological Observatjons section of this report we

discuss the routine observations made on the Somov. The Radiation and

Surface Temperature Measurements section contains a description of the

radiation measurements made and of the important ice-surface temperature

data. 1In the Atmospheric Surface-Layer Profiles section we describe our

surface-layer profiling, the first micrometeorological measurements ever

made over Antarctic sea ice at other than coastal sites.




____________

STANDARD METEOROLOGICAL OBSERVATIONS

The Somov's meteorological team made standard meteorological observa-
tions every 3 hours. The recorded variables include atmospheric pressure,
P, wind speed, U, wind direction, ¢, air temperature, T,, water (surface)
temperature, Tg, humidity and cloud cover. We tabulate these data in
Appendix A,

Figure 1 shows a photograph of the Somov with the locations of sensors
indicated. U and ¢ were measured with a propeller—vane mounted 23 m above
the sea surface on a midship mast. ¢ was measured to the nearest 10°; our
convention is that ¢ 1s the direction from which the wind was blowing, with
360° oriented north. The components of the wind vector to the east (Vg)
and north (VyN) are therefore

vE = -U gin¢ (1)
vN = U cosd E (2)

Wet-bulb (T_) and dry-bulb (Ty) temperatures were measured on a
bow boom 11 m above the sea surface (Fig. 1). T, was converted to the
dew-point temperature, T4, using a psychrometer equation like the one
given by List (1963, p. 365), and this then became the fundamental humidity
variable. The saturation vapor pressure egae(T,P) (in mb) at some
temperature T (in °C) and pressure P (in mb) is (Buck 1981)

esat(T’P) = ‘o(Pb + pap) e*P[Seizil ¢ (3)

Table 1 lists the constants in eq 1; the two sets of constants refer to
saturation with respect to water (T > 0°C) and saturation with respect to
ice (T < 0°C). The vapor pressure e is simply computed from eq 3, substi-
tuting the dew point temperature Tq for T:

e - esat(Td.P) . (4)

The relative humidity, RH, is defined, in turn, as

RH = elesat(Ta’P) . (5)

Td and RH are the humidity variables listed in Appendix A.
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Figure 1. Locations of the sensors used for the standard *
meteorological observations and for the radiation measure-
ments on the Mikhail Somov.

Table 1. Constants used in eq 3 for the computation of

saturation vapor pressure.

Over water Over ice

(T > 0°C) (T < 0°C)
e, (mb) 6.1121 6.1115
P, 3.46x10~° 4.18x107%
Py (mb~!) 1.0007 1.0003
a 17.502 22.452
b (°C) 240,97 272,55




The uncertainties Iinherent in measuring any meteorological variable
with instruments mounted on a ship have been discussed (Andreas et al., in
review). The data listed in Appendix A may therefore contain systematic
errors that we have not evaluated. We suspect, however, that these errors
are generally not larger than one unit in the least significant figure. In
other words, we believe that the accuracy of ¢ is *10°, U is *1 m s'l, and

Ta 18 ¥0.1°C, for example.

RADIATION AND SURFACE TEMPERATURE MEASUREMENTS

The surface temperature is a crucial parameter in the study of heat
and moisture transfer across an interface. In Appendix A we list the water
temperature, which would be the appropriate surface temperature in the open
ocean and for low ice concentrations within the pack ice. But for more
complete ice cover, the surface temperature of the ice or snow, Tj.e, is
the relevant boundary condition.

We attempted to measure Ti.e with a thermistor protruding from a
styrofoam block. We lowered this assembly from the bow of the Somov onto
sea ice yet undisturbed by the ship. The block rested flat on the ice or
snow surface so that the thermistor measured the temperature of a very thin
surface layer. To make representative each of the hourly Ty.e values
11sted in Appendix B, we sampled several floes ahead of the ship and then
computed an average temperature. With this method we could make measure-
ments when the Somov was moving as well as when it was stopped.

Thermistor temperature measurements can be affected by self-heating in
the sensor. When the air temperature was near 0°C, we sometimes measured
Tice values greater than 0°C. Although such temperatures are thermo-
dynamically impossible, we have retained them in Appendix B because they
are suggestive. During the winter-gpring transition—roughly the time of
our cruise——the Antarctic ice edge is a region of dramatic ice destruction
(Ackley 1979). Since thermistors seem most prone to self-heating when they
make intimate thermal and physical contact with their surroundings--in our
case, when the snow had a high liquid water content—we infer that the
anomalously high Ty.e values reflect melting of the snow. We may thus

have been witnessing the onset of the annual Antarctic sea ice retreat.
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Figure 2 shows time series of the Tj.e values and of the ailr
temperatures listed in Appendix A. The correlation between the two Is
obvious. In Figure 2 we have cut off the Tj.. values at 0°C instead of
plotting the values above 0°C given in Appendix B. There are gaps in the
Tice Plot and in Appendix B because our method clearly did not permit a
measurement of Tj.e when the Somov happened to be surrounded by open
water or ice of low concentration at the time of the hourly observations.

The bow boom (Fig. 1) had an upward-looking pyranometer for measuring
the global incoming shortwave radiation, Qg, a downward-looking pyranom-
eter for measuring the reflected shortwave radiation, Q,., and a net
radiometer for measuring the difference between downward and upward
longwave and shortwave fluxes, Quer. We read these sensors every hour,
too; the data are tabulated in Appendix B. Our convention is that Qg and
Qy are always positive during daylight hours; Qpet 1is positive 1if the
radiative flux is to the surface.

From Qg and Qy we calculated the shortwave albedo,

a = 100(Qr/Qs) (6)

which is also tabulated in Appendix B. a values are generally between 50
and 70% but sometimes drop as low as 20%. These low values usually corre-
spond to an absence of Ty.e data. That is, the Somov was surrounded by
mostly open water, not ice, at these times; so we would expect a low
albedo.

With Ty.e we can compute another term in the radiation budget, the
emitted longwave radiatiom, Qp 4. This is

QL+ N €0 Ticeu (7)

which gives Q4 in W m~2 for Tice In K. 1In eq 7 € is the emissivity of
the sea ice, 0.97 (Andreas and Ackley 1982), and ¢ is the Stefan-Boltzmann
constant, 5.67032x10~8 w m=2 x~".

The components of the radiation budget are theoretically related by

o, C 9, (8)

PO PSR

PR N G U Py T -

FUPE S N W




e —— Ty 4
.
. 4
; 4
4
. ')
. g
;o ‘g xjpudddy woay ‘I ¢3rnjesadws3 aovains Mous I0 3df ’y3 jo ]
Pue ‘y xypuaddy woay ‘B ¢aanjeradway ife JO S83[a98 dWIL °Z an3 4 A
N 4
v AON [ 0 4
g 2l 11 O & 8 & 9 6 v € 2 | IE Of 62 82 42 92 S2 #2 €2 22 4
-. T T L Ll i 1 T T 1 T T T Ll J T T T 1 T ¢_| A
[ - 2I- -
4

¥
Q
t

)?L

-,

T T
&
L\;——
yr e
(9,) %nipsadwa) 9304.ng 92T

T
N

©
i AN _ 120
€ 8 I 9 G bl € 2 1) O 6 8 L 9 6§ v € 2 | IE Of 62 82 22 92 G2 b2 €2 22 12 Oc €l_8 (1 9
T T T T 1T T T T T T 1 T T T T 7T 717 T 1t T 1 1T T T T T 17 bl-
] - 421
» 407
4 - —8-
' L -

1
<
’

L
Ny ©
(3,) ®ininiedwey 1y

N

o —p%___bh_hrbrh__rr_L_F_L___’FL___FV




ety
)

N B T T TINT—r———r——r—-r LB e gy o =
A A A LM Pl P . o e Palrd iRt e hdiardi Badil

where Q4 1s the downward flux of longwave radiation. Since we have
measured or computed every term in eq 8 except Quy, we find it from

Q, = Q. - Q *q *+Q

net s r L+

. (9)

These values are also listed in Appendix B.

ATMOSPHERIC SURFACE-LAYER PROFILES

One of the main sampling programs when the Somov stopped for stat s
was our measurement of the atmospheric surface-layer profiles of wind
velocity, temperature and humidity to study air-sea and air-ice inter-
action. We deployed our instruments for these measurements with a bo
from the rear, starboard corner of the helicopter deck. Figure 3 is &
schematic diagram of our boom assembly and shows typical sensor heights.
The instrument mast on the boom had three levels of identical instrumenta-

tion for measuring wind speed, temperature and humidity; that is, we

11.5m 4 \{.Q.T
B E \
i N\ o \\\
f ccie
L—-*_hﬂ — &3m —— — -
85m var
7kt
40m var \
HEIGHT b
\\
SURFACE T

Figure 3. Boom assembly used for the surface-layer profiling, with
typical sensor heights noted. U, Q and T indicate locations of
velocity, humidity and temperature measurements.
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Table 2. Surface—-layer profiling instruments.

Variable Sensor Manufacturer Model
U Propeller anemometer R.M. Young 27103
Direction Vane R.M. Young 12302
T Platinum resistance General Eastern 1200MPS
thermometer
Td Cooled-mirror General Eastern 1200MPS

dew-point hygrometer

Height Sonic ranging device Polaroid-CRREL -

measured three—point profiles. Table 2 lists the actual instruments that
were mounted on the mast. The boom assembly has been described in complete
detail elsewhere (Andreas et al., in review).

When the Somov stopped for a station, the hydrographic work and bio-
logical sampling required that it be beam—-into-the-wind, with the wind from
starboard, Our boom, located at the rear, starboard corner of the helicop-
ter deck, could therefore reach into the undisturbed air skirting the rear
of the ship. Because the instrument mast could rotate in its central pivot
assembly, we could turn the sensors directly into any wind in the rear,
starboard quadrant. We used the wind vane at the top of the mast for
aligning the sensors with the wind.

At the bottom of the Iinstrument mast we mounted a sonic ranging device
to use for determining the height of our instruments. The sensing element
in this device was a sonic distance sensor that Polaroid uses in some of
its cameras. We bought just the basic sensor from Polaroid and designed
and built the housing and associated electronics at CRREL.

Appendix C summarizes the surface-layer profile data that we collected
during the expedition. In particular, Table C2 lists the raw and derived
data. We should, therefore, elaborate on the entries in Table C2.

The wind direction is, of course, variable over a wide range of time
scales. Because the propeller anemometers have a preferred orientation, if

U 18 the instantaneous wind speed and if these anemometers were misaligned
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with this wind by a small angle ¢ (|¢| < 30°), they would actually show a b
wind speed UM given by

U = U cos¢ . (10)

dndmendiub. b

We recorded UM and ¢ on a strip chart and later digitized these data at

5-second intervals, We then corrected each digitized value of the measured

wind speed, U?, for misalignment using the digitized wind vane angle ¢4:

U

UT/cos¢i . (11)

We list the average of Uj; and its sample standard deviation, oy, in

Table C2. The average of ¢1,-;, is what we call in that table the wind

deviation angle-—the angle bhetween the average wind vector and head-on

alignment with our anemometers. When [$' is small (< 30°), alignment was

good and eq 11 1s an accurate correction; when [E' is larger, the correc-

tion is not as good, and the data are consequently of poorer quality.
From the measured temperature (T) profiles we computed potential

temperature (6) profiles from

8 = T + (g/cp)z . (12)

Here z is the height of the measurement, g is the acceleration of gravity
(9.819 m s'z), and cp is the specific heat of air at constant pressure
(1.006x10% J kg"1 °c-1). These two temperature profiles and the sample
standard deviation of T, or, (same for 0) are listed in the data table.
The humidity variable that we actually measured on the mast was the

dew-point temperature Tyq. This is a fundamental humidity variable
because the water vapor density py can be found from it directly. That
is, with Ty, we can compute the vapor pressure e from eq 4; py then

comes directly from the ideal gas law (Schwerdtfeger 1976, p. 47):

p

M eRT . (13)
W w

Here M, is the molecular weight of water, 18.0160x10~3 kg mole‘l, and R
is the universal gas constant, 8.31441 J mole~! °C-l. We 1ist both the
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The error bars are plus and minus one stan-

The number in parentheses under each profile is the run number; the other num-

All the measured surface-layer profiles.
ber is the measured value of the variable at the lowest level:

dard deviation.
g kg~l.

Figure 4.

Uinm s, T in °C, and Q in
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T4 and py profiles and thelr sample standard deviations, oT4 and
%o in Table C2.

Most theories of the atmospheric surface layer model the specific
humidity, Q, however. Q is obtained from (Pruppacher and Klett 1978, p.
77€.)

M
_ve
Q- Ma P } 0.62200(e/P) ”_
M - M 1 - 0.37800(e/P)
j-_a_w e
M P
a

where M, is the molecular weight of dry air, 28.9644x10~3 kg mole~l. We
also include the Q profile and its sample standard deviation, oQ, in
Table C2.

Figure 4 shows all the measured U, 6 and Q profiles in chronological
order. When there are missing velocity profiles, the wind was too light
and variable to permit accurate measurements. We summarize the surface
conditions appropriate for each profile in Appendix C. Table Cl gives the
location, time and duration of each set of profiles and, thus, shows that
most were recorded at night. It is consequently not surprising that the

potential temperature profiles suggest that the surface layer was often

stably stratified.
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APPENDIX A. STANDARD METEOROLOGICAL OBSERVATIONS
Definitions
PRES . « . « surface-level atmospheric pressure
SPEED . . . wind speed 23 m above the surface

DIRECTION . direction from which the wind was blowing measured 23 m above
the sea surface (360° is north)

TA « « « » o air temperature 11 m above the sea surface
TS « « « « « surface water temperature

™ « « « « «» dew-point temperature 1l m above the surface
RH. .+ o o relative humidity derived from TD

CLOUDS . . » cloud cover in oktas, so 8 is total cloud cover, and 9 denotes
obscured conditions like fog, snow or darkness.
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APPENDIX B. RADIATION AND SURFACE TEMPERATURE DATA
- Definitions
TICE « « + » Snow or ice surface temperature

Q¢ ¢ ¢ o o« total sun and sky (global) radiation

Eﬁ QR ¢« ¢ ¢« + ¢ Treflected shortwave radiation

b ALBEDO . . . shortwave albedo, QR/QS

‘ QL-UP . . . emitted longwave radiation, Q4

S QL-DWN . . . incoming longwave radiatiomn, Q4

3 QNET . . . . net radiation or radiation balance, where a positive flux is

downward, toward the surface.
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APPENDIX C. ATMOSPHERIC SURFACE-LAYER PROFILES

We here describe the upwind surface conditions for each of the 23
surface-layer profiles listed in Tables Cl and C2.

Runs l, 2 ¢ 0 0

Runs 3A, 33, 4

Runs 5, 6 ¢ o o o

Runs 7, 8 ....

Runs 9. 10 ...

Run 11A . « ¢« & &
Runs 118, 12 , .

Runs 13, 14 . .
Runs 15, 16 . . .

Rune 17, 18 . ..

5~ and 10-m floes for 100 m upwind--ice concentration was
50%. Ice concentration was 90% for the next 100 m,
Continuous ice cover beyond 200 m.

Small, broken floes and slush for 50 m upwind--ice con-
centration 70%Z. Broken floes with ice coverage 100% from
50 to 150 m upwind. A continuous, flat, first-year floe
beyond 150 m.

Small, broken floes for 200 m upwind. A uniform, flat
floe beyond 200 m.

Open water for 30 m upwind. Smooth, unbroken ice beyond
30 m.

A 20-m diameter floe directly under the instrument mast.
For more than 500 m upwind from this, small, broken floes
of diameters 3-5 m predominated. Space between these
floes filled with brash ice and slush, giving an ice
concentration of more than 907.

Open water for 500 m upwind.

The Somov in a small polynya. Winds calm or sometimes
blowing across the helicopter deck from the port side of
the ship.

About 2 km of open water upwind.

The mast over open water but only 2-3 m downwind

from the edge of a large, first—-year floe. A 20-m-wide
lead cut across this floe about 500 m upwind; beyond this
more smooth ice.

For 300 m upwind, a few scattered, small floes with ice
forming between them. Open water from 300 m to 1 km

upwinds A coutinuous floe of first-year ice began at 1

km and continued upwind.




b 20 g ame G
DI R

Runs 19, 20 . . . Open water under the instrument mast and for 10 m

upwind, For 75 m beyond this, thin (° 25 cm) pancake ice
and slush., From here to 700 m, larger floes (- 50 m) of
thin ice with open water between them. At 700 m a floe
of first-year ice began and continued upwind.

Run 21 . . . « « Open water with one or two larger floes (~ 50 m) for 300

Definitions for

m upwind. Beyond 300 m, thicker ice (° 1 m), somewhat
ridged and containing a few open water areas—concentra-

tion of this ice was 90%Z.

Table C2

PRESSURE

WIND DEVIATION

Z oo
Ueoooo
SIGMA-U .
Toooo
THETA . .
SIGMA-T .
™ . ..
SIGMA-TD.
Qe oo
SIGMA-Q .
RHOW . .
SIGMA-RHO

surface~level pressure

deviation of the mean wind from head-on alignment with
the anemometers

sensor height

wind speed

sample standard deviation of U
temperature

potential temperature, 6

sample standard deviation of T and THETA
dew—-point temperature, Ty
sample standard deviation of TD
specific humidity

sanple standard deviation of Q
water vapor density, py

sample standard deviation of RHOW,.
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Table Cl. Chronological summary of the surface-layer profiles. The
indicated radiosonde data are in Andreas (in press).
Closest
Profile radiosonde
Date Number Time* Duration Latitude Longitude Time® Number
1981 (min) (s) (E)

25 October | 2304 45 60°26,90° 3°37.,07°

2348 M21
26 October 2 0056 45 60°26.90' 3°37.07°'
3A 2337 28 61°10,67" 3° 6.60'

2339 M23
27 October 3B 0006 29 61°10.67° 3° 6.60'
4 0055 45 61°10,67" 3° 6.60"
28 October 5 2304 32 61°33,02' 2°32,23"

2335 M27
29 October 6 0026 36 61°33.33" 2°33,09'
7 2134 46 61°57.24"' 2°22,10'
8 2255 45 61°57,24" 2°22.10'

2339 M29
30 October 9 2221 32 61°56,99' 2°26,00"
10 2331 45 61°57,67' 2°25.41"

2335 M3l
31 October 11A 2209 7 62° 5.26' 2°51,59°
118 2216 33 62° 5.26' 2°51.59’
12 2323 32 62° 5,24 2°52,25"

2335 M34

2 November 1136 M37
13 1306 31 62°15,74" 2°55.36"'
14 1420 33 62°16.,15"' 2°54,92°

1630 Al3
4 November 15 2256 48 62°12,88' 1° 2,44°

2334 M42
5 November 16 0023 38 62°12.61" 1° 3,00'
6 November '/ 2139 48 61°56,72' 1°12,75°'
18 2258 43 61°57.37' 1°12,78'

2338 M46

10 Rovember 2344 M54
11 November 19 0012 42 60°18.09' 0°16.83'
20 0115 22 60°18.20" 0°16,42'
21 2210 47 60° 0,98' 0°19.89"

2339 M56

% Since we were so near the Greenwich Meridian,

29

this is G.M.T. and local time.
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Table C2. Atmospheric surface-layer profiles.
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